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A B S T R A C T
Idling engines contribute signiﬁcantly to air pollution and health problems. In a ﬁeld study at a busy railway
crossing we used the Theory of Planned Behavior to design persuasive messages to convince car drivers
(N=442) to turn oﬀ their engines during long wait stops. We compared the eﬀects of three diﬀerent messages
(focusing on outcome eﬃcacy, normative reputation, or reﬂection on one's intentions) against a baseline con-
dition. With diﬀering eﬀectiveness, all three messages had a positive eﬀect compared with the baseline. Drivers
were most likely to turn oﬀ their engines when the message focused on outcome eﬃcacy (49%) or reﬂection
(43%), as compared to the baseline (29%). The increased compliance in the normative reputation condition
(38%) was not signiﬁcantly diﬀerent from baseline. Thus, stimulating self-regulatory processes, particularly
outcome eﬃcacy, is demonstrated to have a positive eﬀect on pro-environmental driving behavior. Theoretical
and practical implications are discussed.
1. Introduction
Individuals’ energy use greatly contributes to greenhouse gas
emissions (e.g., Druckman & Jackson, 2016). The behavior of drivers
(e.g., engine idling) has been identiﬁed as an important contributor to
unnecessary emissions, and hence is a key target for intervention (Dietz,
Gardner, Gilligan, Stern, & Vandenbergh, 2009). These emissions also
pose a health threat. For example, in the Netherlands, car, bus, and
bicycle passengers along high intensity traﬃc routes were all exposed
to signiﬁcantly more particulate air pollution than those on low in-
tensity routes (Zuurbier et al., 2010). To address these environmental
and health hazards we developed a ﬁeld study to test the eﬀectiveness
of messages designed to persuade drivers to switch oﬀ their engines to
reduce engine idling during long waits at a railway level crossing.
1.1. Using Theory of Planned Behavior to encourage pro-environmental
behavior
Theory of Planned Behavior (TPB) asserts that attitudes, norms, and
perceived behavioral control lead to intentions which proximally pre-
dict action (Ajzen, 1991, 2002). This TPB framework is useful for
developing interventions aimed at pro-environmental behavior (PEB).
Traﬃc-related behavior, despite being considered an important cate-
gory of research for TPB, is only rarely investigated (Steinmetz,
Knappstein, Ajzen, Schmidt, & Kabst, 2016). We focused here on norms,
perceived behavioral control (via outcome eﬃcacy), and intentions as the
basis for messages aimed at encouraging a pro-environmental behavior
(engine switch-oﬀ) at a long-wait stop. With respect to Abraham and
Michie's taxonomy (2008), our intervention falls in between a “per-
suasion” and a “motivation” behavior change method, which were
identiﬁed as quite eﬀective methods when paired with TPB framework
(see Steinmetz et al., 2016).
1.1.1. Norms and reputation
To invoke norms, we designed a persuasive message appealing to
social reputation (Emler, 1990). Indeed, norms are often invoked by
signaling the reputational relevance of behavior (Abrams & Hogg,
1990), which plays a key role in determining whether the behavior will
be adopted by the individual. It has been suggested that people are
more willing to act in a prosocial (including pro-environmental)
manner when they can acquire a reputation for doing so (Roberts,
2012). For example, participants invested greater sums in a climate
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protection program when their investment was made public, i.e. when
they gained social reputation (Milinski, Semmann, Krambeck, &
Marotzke, 2006). In a similar vein, university students reduced their
energy consumption on campus when a delegate provided them with,
and commented on, their consumption feedback, but not when the
feedback was provided electronically and privately (Emeakaroha, Ang,
Yan, & Hopthrow, 2014). Finally, avoidance of publicly deviating from
ingroup PEB norms can also increase PEB (Player et al., 2018; see also;
Goldstein, Cialdini, & Griskevicius, 2008). For the “normative reputa-
tion” condition, we therefore developed a sign that asked drivers:
“When barriers are down, turn oﬀ your engine to show others you care”.
This designed to subtly induce a reputational motivation (to be caring)
to engage in PEB.
1.1.2. Perceived control and outcome eﬃcacy
Our second persuasive message relied on the attitude component of
TPB, speciﬁcally, evaluation of behavioral outcomes. Attitude toward
the behavior is driven by beliefs about the consequences of performing
the behavior, such as whether their behavior will have a positive out-
come (Hausenblas, Carron, & Mack, 1997; McEachan, Conner, Taylor, &
Lawton, 2011). PEB can often be regarded as a ‘drop in the ocean’ (Kerr,
1996; Lorenzoni, Nicholson-Cole, & Whitmarsh, 2007), whereby an
individual may feel that their single contribution will not have any
impact, and therefore there is no point in acting. In contrast, outcome
expectancy highlights the importance of an individual behavior in
leading to a particular outcome (Doherty & Webler, 2016). Eﬃcacy
over the outcome can have direct, positive, and signiﬁcant inﬂuences
on public behavior about climate change (Doherty & Webler, 2016) and
recycling behavior (Lindsay & Strathman, 1997). Assuming that all
drivers are capable of turning oﬀ their engines, the relevant goal for
perceived control is their belief that they can aﬀect air quality (i.e.,
outcome eﬃcacy), rather than the lower level ability to turn oﬀ their
engine.
Using outcome eﬃcacy as the foundation, we therefore developed a
message that asked: “Please switch oﬀ your engine when barriers are down.
You will improve air quality in this area” (hereinafter labelled ‘outcome
eﬃcacy’). This message aimed at showing the positive consequence of a
simple action that was within the drivers' control.
1.1.3. Intention to act and self-reﬂection
The third persuasive message addressed intention to act. TPB asserts
that intention is the closest predictor to behavior, with attitudes, norms,
and perceived behavioral control as antecedents. However, an inten-
tion-behavior gap persists (see Sheeran & Webb, 2016), in part because
people often forget to perform the behavior (Sheeran & Orbell, 1999).
In cognitively demanding situations that involve multiple goals (such as
driving), depleted cognitive resources can disrupt the link between an
intention and its behavioral implementation, meaning that despite pro-
environmental attitudes (and intention), the behavior is not actioned
(Steg, Bolderdijk, Keizer, & Perlaviciute, 2014). Reminding people to
consider their intentions could foster the enactment of consistent be-
havior. Indeed, studies found that simply questioning people about
their behavioral intentions increased subsequent adoption of the be-
havior (mere measurement eﬀect; see Godin et al., 2010; Todd &
Mullan, 2011). Using a question to focus driver attention on their own
behavioral intention about a salient action (switch oﬀ engine) should
increase action. For this “reﬂection on intention” condition, the mes-
sage therefore asked drivers: “When barriers are down do you intend to
turn oﬀ your engine?”.
2. Method
The study complied with ethical standards of the British
Psychological Society and American Psychological Association, and was
approved by the School of Psychology Ethical Review Board (#
20122491). We collected data on engine switch-oﬀ rates at a busy long-
wait stop at the time of displaying one of three intervention signs
(compared to baseline). We hypothesized that all messages would im-
prove behavior relative to baseline and additionally explored diﬀer-
ences in eﬀectiveness between messages.
2.1. Sample
Data collection took place on 14 diﬀerent days spread on a 6-month
period (October 2012 to March 2013). Collection lasted for 1 h at the
time, between 8am and 6pm, Mondays to Saturdays. We randomly
varied time of collection in order to reduce the chances that the same
driver would be sampled repeatedly (e.g., while commuting to work),
and so that intervention conditions would not be confounded with time
of testing. Overall, 565 vehicles were sampled, a large majority of
which were cars (n=442).1
2.2. Materials and procedure
2.2.1. Location and setting
Engine idling was observed at a busy level crossing in a medium-size
city in the UK. The local council had erected a permanent sign asking
people to switch oﬀ their engines that was visible before, and
throughout the duration of the study (see supplementary material). The
intervention messages were printed on a placard (420×594mm; font
type= Franklin Gothic medium, font size= 100 pt), 2 m above ground
level. To ensure that all vehicles would pass the sign on their approach
to the level crossing, the placards, held by stationary research assistants
on the sidewalk, were positioned facing traﬃc on each side of the
crossing, 75m before the barrier and approximately 5m from the ex-
isting council signs (futher detail on the methodology can be found in
supplementary materials).
While the barrier was down and the vehicles were stationary, an-
other research assistant walked along the sidewalk from the barrier
toward the queuing traﬃc as far as the sign, discreetly recording
whether each vehicle's engine was on (coded 0) or oﬀ (coded 1). This
was assessed by viewing exhaust activity and listening for engine noise
emitted from each vehicle (see supplementary materials for interrater
reliability).
2.2.2. Intervention messages
We used three intervention messages: Normative reputation,
Outcome eﬃcacy, and Reﬂection on intentions, which were compared
to a Baseline condition where no message was present (see Table 1).
2.2.3. Control variables
It is possible that drivers' behavior is inﬂuenced by the weather
(e.g., less likely to turn oﬀ the engine on a hot day where the car AC is
on). To account for this, we coded for each observation period the
weather (rainy=−1, sunny or cloudy but dry= 1) and the visibility
(dark or foggy=−1, visible= 1). Since a person's behavior can be
impacted by the presence of others, we additionally recorded the
number of people in the vehicle (M=1.55, SD=0.76). Most drivers
were alone (58%) or accompanied by one passenger (32%), and the
remaining vehicles had three or more people aboard.
3. Results
We conducted a hierarchical logistic regression to analyse the im-
pact of the intervention messages on drivers’ idling behavior. In a ﬁrst
step we included only the type of intervention as a predictor. To test
more accurately the eﬀect of the three interventions against the base-
line, we computed the following contrast (hereinafter C1):
1 Other vehicles were excluded from analyses: see supplementary materials
for N and justiﬁcation.
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Baseline=−3, Outcome eﬃcacy= 1, Reﬂection=1, Reputation=1.
We also entered the orthogonal contrasts in order to better estimate
residuals (C2: Baseline= 0, Outcome eﬃcacy=−2, Reﬂection=1,
Reputation=1; C3 = Baseline= 0, Outcome eﬃcacy=0,
Reﬂection=−1, Reputation= 1). In a second step, we additionally
entered the three covariates: weather, visibility, and number of people
in the car.
The analyses revealed a signiﬁcant eﬀect of the intervention mes-
sages. Relative to the baseline, drivers turned oﬀ their engine sig-
niﬁcantly more after exposure to any of the three messages. This eﬀect
held in the absence and presence of the covariates, which did not im-
pact engine idling (see Table 2). Percentages of drivers that turned oﬀ
their engine per experimental condition are illustrated in Fig. 1.2
To complement these results, we additionally tested the diﬀerence
between each message and the baseline condition. The diﬀerence was
signiﬁcant for both Outcome eﬃcacy, OR=2.30, 95% CI [1.26, 4.18],
Wald's χ2= 7.42, p= .006, and Reﬂection on intention, OR=1.83,
95% CI [1.02, 3.30], Wald's χ2= 4.04, p= .045. It failed to reach
signiﬁcance for Normative reputation, OR=1.49, 95% CI [0.81, 2.73],
Wald's χ2= 1.62, p= .20.
4. Discussion
4.1. The present results
In this experiment we tested the eﬀectiveness of interventions aimed
at encouraging PEB in a context where they are commonly rare.
Drawing from TPB (see Steinmetz et al., 2016, for a recent meta-ana-
lysis), we hence tested the eﬀectiveness of three messages (normative
reputation: “… show others you care”; outcome eﬃcacy: “… you will
improve air quality”; reﬂection on intention: “… do you intend to
switch oﬀ?“) to encourage drivers to turn oﬀ their engines at a long
wait stop. Our aim was to test whether focusing on diﬀerent aspects of
behavioral regulation could be eﬀective in triggering more en-
vironmentally positive behavior. Initial results showed that all mes-
sages led to higher compliance (higher rates of engine switch-oﬀ) than
the baseline. However, analyses also revealed that not all messages had
the same impact: despite descriptively increasing compliance (by 8.8
points), the reputation message did not signiﬁcantly diﬀer from base-
line, whereas reﬂection and outcome eﬃcacy did (by 13.8 and 19.4
points, respectively). Hence, the study shows that the mere presence of
a person carrying a persuasive sign on the sidewalk is not enough to
impact drivers’ behavior: the content of the message is essential.
The normative reputation message aimed to motivate drivers based
on opportunity to enhance their reputation by showing others they care
(Steg et al., 2014). However, our results suggest that this was not en-
ough to elicit behavior change. It is possible that drivers were not
convinced that others would be able to detect their PEB, and hence that
there was in fact little reputational gain to be achieved. Moreover, the
message may have caused some dissonance for drivers with strong self-
interest or hedonic values, and thus reduced the likelihood of action
since the messaging opposed their existing belief system (Kollmus &
Ageyman, 2002). This seems consistent with evidence that PEB mes-
sages can be eﬀective when they target self-interest motives (Van de
Vyver et al., 2018) or appeal to drivers with stronger hedonic or egoistic
values (Steg et al., 2014).
The reﬂection on intention message aimed to target drivers with
preexisting intentions to behave pro-environmentally who might not do
so in certain settings because they are distracted or forget to enact their
intentions. This message elicited signiﬁcantly higher behavioral com-
pliance than baseline, which is consistent with the mere measurement
eﬀect (Godin et al., 2010; Todd & Mullan, 2011). However, the nature
of the message does restrict its impact to receivers who already hold
pro-environmental intentions. Drivers who are relatively unconcerned
about the environment would be less likely to harbor intentions to turn
Table 1
Intervention messages and sample size per condition.
Type of Message Text Displayed on Sign N
Normative reputation When barriers are down, turn oﬀ your engine to show others you care 113
Outcome eﬃcacy Please switch oﬀ your engine when barriers are down. You will improve air quality in this area. 117
Reﬂection on intention When barriers are down do you intend to turn oﬀ your engine? 130
Baselinea – no intervention sign – 82
a Previous research has conﬁrmed that a person holding a sign containing no message at a long wait stop has no eﬀect on driver behavior (Meleady et al., 2017).
Fig. 1. Percentage of cars with non-idling engines as a function of the inter-
vention message. Baseline is a control condition with no message present.
Table 2
Results of the hierarchical logistic regression testing the eﬀect of intervention
messages, weather, visibility, and number of people in cars, on drivers’ idling
behavior.
Step 1
OR 95% CI Wald's χ2 p-value
Constant 0.65 – 17.5 < .001
Intervention messages (Contrast 1) 1.18 [1.03, 1.34] 5.73 .017
Contrast 2 0.90 [0.78, 1.04] 1.96 .16
Contrast 3 0.90 [0.70, 1.17] 0.62 .43
Cox and Snell's R2= .020, Nagelkerke's R2= .026
Step 2
Constant 0.55 – 1.61 .21
Intervention messages (Contrast 1) 1.15 [1.00, 1.33] 4.07 .044
Contrast 2 0.97 [0.79, 1.12] 0.08 .78
Contrast 3 0.94 [0.72, 1.24] 0.18 .68
Weather 1.32 [0.77, 2.28] 1.01 .31
Visibility 0.86 [0.49, 1.49] 0.30 .58
Number of people in car 1.00 [0.77, 1.29] 0.00 .97
Cox and Snell's R2= .022, Nagelkerke's R2= .030
Note: Contrast 1: Baseline=−3, Outcome eﬃcacy=1, Reﬂection= 1,
Reputation= 1. Orthogonal Contrast 2: Baseline=0, Outcome eﬃcacy=−2,
Reﬂection= 1, Reputation=1; Orthogonal Contral 3: Baseline= 0, Outcome
eﬃcacy= 0, Reﬂection=−1, Reputation=1.
2 The omnibus eﬀect of the intervention messages was also signiﬁcant, Wald's
χ2(3)= 8.06, p= .045, Cox and Snell's R2= 0.019, Nagelkerke's R2= 0.025.
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their engines oﬀ, and therefore would not be inﬂuenced by the message.
This might be especially important in the particular context of this
study, since factors such as status and comfort have been found to in-
ﬂuence behavioral choice (Gatersleben, Steg, & Vlek, 2002), so
switching oﬀ the engine and losing other functions (such as heating/AC
and radio) may outweigh the PEB.
Finally, the outcome eﬃcacy message aimed to increase drivers'
sense of eﬃcacy and remove uncertainty regarding the eﬀectiveness of
their (non-idling) behavior. This message elicited signiﬁcantly higher
behavioral compliance than baseline and was, descriptively at least, the
most eﬀective message, increasing compliance by 66%. This remark-
able eﬀectiveness could be explained by the fact that the message went
beyond the heightening of values and normative behavior by delivering
a speciﬁc and positive message that the driver's personal contribution
would make a diﬀerence to the environment (Doherty & Webler, 2016;
Hine & Giﬀord, 1996; Meyerowitz & Chaiken, 1987; Morton,
Rabinovich, Marshall, & Bretschneider, 2011; Webb & Eves, 2007).
4.2. Limitations, future research and conclusions
This study has some limitations that must be acknowledged. First,
observations were limited to one location. Future studies will need to
ensure that the results can be replicated in diﬀerent places. Moreover,
the procedure relied on the presence of a research assistant to hold the
placard. Even if past studies have ensured that the mere presence of a
person on the sidewalk (holding a blank sign) did not signiﬁcantly af-
fect the rated of engine idling (Meleady et al., 2017), it may have
somewhat altered the drivers’ usual behavior. Future studies should
therefore investigate the eﬀect of messages attached to ﬁxed poles.
Finally, given the non-intrusive nature of the study, we assessed be-
havior but could not measure its psychological antecedents. Hence, we
cannot know of sure whether the messages impacted the targeted
cognitions and/or others. It will be valuable to conduct additional ex-
perimental studies that test the impact of the messages on the relevant
cognitions – but this goes beyond the scope of the present ﬁeld study.
In sum, this study makes a substantial contribution by showing that
behavior change towards PEB is sensitive to the way that persuasive
messages tap into particular routes for self-regulation. It also raises
interesting questions for future research about how diﬀerent ap-
proaches might work in particular contexts and about how diﬀerent
aspects of self-regulation might feed into one another. The most eﬀec-
tive message, outcome eﬃcacy, led to a decrease of engine idling by
19.4% (corresponding to an increase in compliance by 66%). Relative
to the usual traﬃc at the level crossing where the experiment took
place, this ismpact would prevent the emission of 3538 tons of CO2 per
year.3 We believe that this can still be increased and the message made
even more eﬀective, notably by giving additional, speciﬁc details on the
eﬃcacy of the behavior (Steg & Vlek, 2009; Webb & Eves, 2007). For
example, adding a speciﬁc outcome (e.g. engine switch oﬀ would im-
prove air quality by X%) or by providing some sort of feedback to
drivers (e.g. each car that switches oﬀ reduces pollution by X amount)
could boost the eﬀectiveness of the eﬃcacy message still further.
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